Analysis of whole cell proteome comparing young and aged T cells (As described in
Naïve CD4 + T cells were isolated from young and aged mice, as described in Figure   1B , and activated with plate-bound anti-CD3/anti-CD28 in different concentrations:
1 µg/mL each (weak stimulation) and 4 µg/mL each (strong stimulation). Culture media was supplemented with formate + glycine, or no metabolites (control cells). 
Supplementary Experimental Procedures

Culture and stimulation of naïve CD4 + T cells
Naive CD4 + CD62L hi CD44 lo CD25cells were sorted by flow cytometry (purity >99%), cultured at 37°C and 5% CO2 in complete RPMI media (containing 10% FBS, 10mM
Hepes, penicillin/streptomycin, 0.035% beta mercaptoethanol) and activated ex vivo 
Real-time PCR
Total mRNA was isolated using RNAeasy kit (Qiagen). cDNA was synthesized using the iSCRIPT kit (BioRad). Quantitative PCR analysis was performed with SYBR green, 
Mitochondrial respiration and glycolysis
Oxygen consumption rates and extracellular acidification rates were measured in naïve T cells isolated from young and aged male C57Bl/6 mice. Measurements were done in non-buffered DMEM containing 5 mM glucose, 2 mM L-glutamine, and 1 mM sodium pyruvate, under basal conditions and in response to mitochondrial inhibitors: 5 µM oligomycin, 1 µM FCCP, 100 nM rotenone, and 1 µM antimycin A (All from Sigma) using the XF24 Extracellular Flux Analyzer (Seahorse Bioscience).
Metabolomics
For analysis of metabolite content by mass spectrometry, activated CD4 + T cells were collected into eppendorf tubes, centrifuged at 10,000 rpm for 30 sec at room temperature, resuspended in 1 mL HBSS, and promptly centrifuged again under the same conditions. The supernatant was quickly removed, and the pellets extracted with 50µl extraction buffer (40% acetonitrile/40% methanol/20% water + 0.5% formic acid). Total time from perturbation of the cells to quenching was ~ 1 min.
Samples were incubated 5-10 min on ice followed by pH neutralization with 15% w/v ammonium hydroxide. Samples were stored at -80°C, followed by centrifugation at 4°C (~15,000 rcf) to remove insoluble cell components. The supernatants were analyzed using a quadrupole-orbitrap mass spectrometer (Q Exactive Plus, Thermo 
Proteomics sample preparation and data analysis
Cell lysis and protein digestion
Cells were homogenized by 10 passes through a 21-gauge (1.25 inches long) needle.
The homogenate was sedimented by centrifugation at 21,000 x g for 5 min and the supernatant was transferred to a new tube. Protein concentrations were determined using the bicinchoninic acid (BCA) assay (ThermoFisher Scientific). Proteins were subjected to disulfide bond reduction with 5 mM tris (2-carboxyethyl)phosphine (room temperature, 30 min) and alkylation with 10 mM iodoacetamide (room temperature, 30 min in the dark). Excess iodoacetamide was quenched with 10 mM dithiotreitol (room temperature, 15 min in the dark). Trichloroacetic acid precipitation was performed prior to protease digestion. In brief, 100% TCA was added to each designated sample to achieve a final concentration of 12.5%. The sample was vortexed, incubated on ice for 1 hr, and centrifuged at 20,000 RPM for 30 min at 4⁰C. The supernatant was aspirated and the sample was washed once with 0.5 mL of acetone. The sample was centrifuged at 20,000 RPM for 10 min at 4⁰C. The supernatant was aspirated and the sample was washed once with 0.5 mL of methanol and allowed to air-dry. Samples were resuspended in 200 mM EPPS, pH 8.5 by sonication, and digested at room temperature for 13 h with Lys-C protease at a 100:1 protein-to-protease ratio. Trypsin was then added at a 100:1 protein-to-protease ratio and the reaction was incubated for 6 h at 37°C. 
Tandem mass tag labeling
Off-line basic pH reversed-phase (BPRP) fractionation
Pooled TMT-labeled peptide sample was fractionated using the Pierce High pH Following acquisition of each MS2 spectrum, we collected an MS3 spectrum using our recently described method in which multiple MS2 fragment ions were captured in the MS3 precursor population using isolation waveforms with multiple frequency notches (2) . MS3 precursors were fragmented by high energy collision-induced dissociation (HCD) and analyzed using the Orbitrap (NCE 55; isolation window 1.2
Th, AGC 3 × 10 5 ; maximum injection time 120 ms, resolution was 50,000 at 200 Th).
Data extraction and protein quantification
Mass spectra were processed using a Sequest-based in-house software pipeline (4).
Spectra were converted to mzXML using a modified version of ReAdW.exe. Database searching included all entries from the mouse UniProt database (April 20, 2016). This database was concatenated with one composed of all protein sequences in the reversed order. Searches were performed using a 50 ppm precursor ion tolerance for total protein level profiling. The product ion tolerance was set to 0.9 Da. These wide mass tolerance windows were chosen to maximize sensitivity in conjunction with Sequest searches and linear discriminant analysis (4, 5) . TMT tags on lysine residues and peptide N termini (+229.163 Da) and carbamidomethylation of cysteine residues (+57.021 Da) were set as static modifications, while oxidation of methionine residues (+15.995 Da) was set as a variable modification. Peptide-spectrum matches (PSMs) were adjusted to a 1% false discovery rate (FDR) (6, 7) . PSM filtering was performed using a linear discriminant analysis, as described previously (4), while considering the following parameters: XCorr, ΔCn, missed cleavages, peptide length, charge state, and precursor mass accuracy. For TMT-based reporter ion quantitation, we extracted the summed signal-to-noise (S/N) ratio for each TMT channel and found the closest matching centroid to the expected mass of the TMT reporter ion. PSMs were identified, quantified, and collapsed to a 1% peptide false discovery rate (FDR) and
then collapsed further to a final protein-level FDR of 1%. Moreover, protein assembly was guided by principles of parsimony to produce the smallest set of proteins necessary to account for all observed peptides. Proteins were quantified by summing reporter ion counts across all matching PSMs using in-house software, as described previously (4) . PSMs with poor quality, MS3 spectra with more than eight TMT reporter ion channels missing, MS3 spectra with TMT reporter summed signal-tonoise ratio less than 100, or no MS3 spectra were excluded from quantification (8) .
